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ABSTRACT 
A mass spec t rometer  and computer system was developed f o r  c o n d u c t i n g  a fundamenta l  s t u d y  on 
g a s  m o n i t o r i n g  i n  C E L S S .  R e s p i r a t i o n  and metabo l ism o f  t h e  hamster  and p h o t o s y n t h e s i s  o f  
t h e  S p i r u l i n a  were measured i n  a c o m b i n a t i o n  system c o n s i s t i n g  o f  a h a m s t e r  chamber  and a 
S p i r u l i n a  c u l t i v a t o r .  They a r e  connected t h r o u g h  a membrane gas exchanger. Some t e c h n i c a l  
problems were examined. 
I n  t h e  mass s p e c t r o m e t r i c  g a s  m o n i t o r i n g ,  a s i m u l t a n e o u s  m u l t i - s a m p l e  measurement was 
developed by  employ ing  a r o t a t i n g  exchange v a l v e .  Long t e r m  p r e c i s e  measuremen t  was ob- 
t a i n e d  by  employ ing  an a u t o m a t i c  c a l i b r a t i o n  system. 
The membrane gas sampl ing  probe proved t o  be u s e f u l  f o r  l o n g  t e r m  measurement. The c u l t i v a -  
t i o n  r a t e  o f  t h e  S p i r u l i n a  was e f f e c t i v e l y  changed by  c o n t r o l l i n g  CO, and l i g h t  supp ly .  The 
e x p e r i m e n t a l  r e s u l t s  a r e  h e l p f u l  f o r  i m p r o v i n g  t h e  h a m s t e r - s p i r u l i n a  system. 
INTRODUCTION 
A f u n d a m e n t a l  s t u d y  o n  g a s  m o n i t o r i n g  i n  CELSS was p e r f o r m e d  u s i n g  a cmputer ized  mass 
s p e c t r o m e t e r  system. O2 g a s  e x c h a n g e  a n d  w a t e r  c o n s u m p t i o n  a r e  o f  b a s i c  i m p o r t a n c e  i n  
CELSS. N Z  f i x a t i o n  a n d  r e l e a s e  a r e  a l s o  o f  c o n c e r n .  S e v e r a l  k i n d s  o f  o r g a n i c  t r a c e  gas 
vapours. some o f  wh ich  a r e  t o x i c ,  s h o u l d  a l s o  be m o n i t o r e d . / l /  
I n  t h i s  work, a mass spec t rometer  computer system was developed f o r  a b a s i c  s t u d y  on CELSS. 
A b r i e f  d e s c r i p t i o n  o f  t h e  measur ing  sys tem,  some m e a s u r i n g  r e s u l t s  on  t h e  h a m s t e r  and 
S p i r u l i n a  system a r e  presented.  A l s o  some t e c h n i c a l  problems w i l l  be d iscussed.  
DISCRIPTION OF THE MEASURING SYSTEM 
The m e a s u r i n g  system i s  i l l u s t r a t e d  i n  f i g .  1. I n l e t  and o u t l e t  gas f lows,  c o n c e n t r a t i o n s  
and tempera tures  o f  t h e  S p i r u l i v a  c u l t i v a t o r ,  h a m s t e r  .chamber a n d  f e r m e n t o r s  a r e  s i m u l -  
t a n e o u s l y  mon i to red .  O2 u p t a k e  Vo, and CO, p r o d u c t i o n  Vco, o f  t h e  an imal  ( i n c l u d i n g  human). 
and p h o t o s y n t h e t i c  Oy p r o d u c t i o n ,  CO, consumpt ion and t h e  r e l a t e d  p h y s i o l o g i c a l  f a c t o r s  a r e  
c a l c u l a t e d  and examined i n  r e a l  t ime. 
Mass Spectrometer-Computer System: The mass spec t rometer  developed i s  a c o m p a c t  m a g n e t i c  
t y p e .  I n  o r d i n a r y  use ,  0.. CO.. A r ,  N y  and H 2 0  a r e  s i m u l t a n e o u s l y  measured b y  t h e  f i x e d  
c o l l e c t o r s ,  CH4. NH3 and C H OH can be m e a s u r e d  u s i n g  e x t e n d e d  c o l l e c t o r s .  The v o l t a g e  
s c a n n i n g  s y s t e m  i s  a v a i l % b $ e  f o r  o t h e r  t r a c e  gas a n a l y s i s .  I n  o r d i n a r y  use. changes o f  
0.005% c o n c e n t r a t i o n  i s  m e a s u r a b l e  i n  l o n g  t e r m  m o n i t o r i n g  b y  e m p l o y i n g  a u t o m a t i c  
c a l i b r a t i o n .  Sample gas i s  compared t o  t h e  r e f e r e n c e  i n  each c y c l e ,  w h i l e  changes of 0.05% 
a day i s  observed i n  d i r e c t  r e a d i n g  o f  t h e  mass spec t rometer . /3 /4 /  
D i r e c t  gas sampl ing  t h r o u g h  a s m a l l  c a p i l l a r y  i s  c o n v e n t i o n a l l y  employed. I n  t h i s  case, t h e  
response o f  t h e  o u t p u t  t o  t h e  change o f  c o n c e n F r a t i o n  i s  as h i g h  as 30 t o  50 ms i n  63% r i s e  
w i t h  sampl ing  r a t e  o f  30 ml /min f o r  d r y  gases. Such a r a p i d  response i s  u s e f u l  i n  t h e  s t u d y  
o f  human r e s p i r a t i o n  p h y s i o l o g y  . /2 /  
The membrane c o a t e d  sampl ing  probe shown i n  F ig .3  i s  a l s o  a v a i l a b l e .  The sampl ing  r a t e  i s  
n e g l e g i b l e  i n  t h i s  case, w h i l e  t h e  r e s p o n s e  i s  as  l o w  as  100 s i n  r i s e  t i m e  o f  9 0 % . / 3 /  
However. t h e  response may be s u f f i c i e n t  f o r  l o n g  t e r m  gas m o n i t o r i n g .  
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Fig.1. Exper imental  arrangement. Metabolism and photosynthes is  were s t u d i e d  
i n  the  hamster and S p i r u l i n a  system 
Computer system: The computer system (CPU: lO/sp.Microecl ipse Hard D i s k  Memory 15 M E )  was 
designed t o  per fo rm the  f o l l o w i n g  func t i ons :  
(1 )  c o n t r o l l i n g  sample s e l e c t i n g  ( o r  exchanging) valve, 
(2 )  d a t a  e n t r y  and storage, 
(3 )  o n l i n e  and o f f l i n e  c a l c u l a t i o n s ,  
( 4 )  d i s p l a y  o f  t h e  measured r e s u l t s  on CRT. p r i n t e r  and 
( 5 )  send t h e  measured in fo rma t ions  t o  the  c u l t u r e  cond i t ioner ,  
10  samples  can be measured r e f e r i n g  t o  the  standard gas by employing t h e  r o t a t i n g  exchange 
va 1 ve. 
p l o t t e r ,  
RESULTS AND DISCUSSION 
Veasurement o f  hamster metabol ism 
The m e t a b o l i s m  o f  t h e  hams te r  was measured by mon i to r i ng  i n l e i  and o u t l e t  gas concentra- 
t i o n s ,  f l o w  and temperatures. The measured r e s u l t s ,  FO,. FCO,, V O I .  VCO, and RQ a r e  shown 
i n  F i g .  2,A-C and carbohydrate(CH0) and FAT consumption and metpbo l ic  energy p roduc t i on  are  
i n  Fig.3.A-E. The Chinese hamster t e s t e d  was 34.%q we igh t  and VO, was 2.25 m l / m i n  (0.065 
ml /g  min) i n  average f o r  an hour. Instantaneous VO, va r ied  f rom 1.32 t o  3.14 ml/min accord- 
i n g  t o  t h e  s t a t e  o f  a c t i v i t y .  The washout t ime cons tan t  o f  t h e  hamster chamber i s  2.7 min. 
The same k i n d  o f  measurement i s  shown i n  Fig.4. Th is  l a t t e r  measurment was performed by 
employing a membrane sampl ing probe. The sampling r a t e  i s  almost n e g l e c t i b l e  compar ing  t o  
t h e  o r d i n a r y  c a p i l l a r y  p robe.  T h i s  p r o b e  is a l s o  a v a i l a b l e  f o r  the  d i r e c t  sampling o f  
d issoved gases. 
Combination o f  hamster chamber and S p i r u l i n a  c u l t i v a t o r  
The exhaust gas from the  hamster chamber and the  water d i l u t e d  gas i n  t h e  S p i r u l i n a  c u l -  
t i v a t o r  a r e  e x c h a n g e d  t h r o u g h  t h e  membr,ane gas exchanger .  FO,, FCOI and FNI  were 
c o n t i n u o u s l y  measured a t  t h e  i n l e t s  and o u t l e t s  o f  t h e  hams te r  chamber and  t h e  g a s  
exchanger .  The r e s u l t  i s  shown i n  Fig.5. The extreme change i n  concen t ra t i on  a t  t he  o u t l e t  
o f  t he  hamster chamber ( i n l e t  o f  the  gas exchanger) was s t a b i l i z e d  by the  b u f f e r  e f f e c t  o f  
the  water  b r o t h  i n  the  S p i r u l i n a  c u l t i v a t o r .  I n  t h i s  case, oxygen p roduc t i on  r a t e  ( a c t i v i t y  
of photosynthes is )  was improved t o  0.4 m l /m in .  f o r  a l i t e r  o f  t h e  b r o t h ,  b y  s u p p l y i n g  
e x p i r e d  Co, o f  the  hamster, from 0.08 ml /min / l  l i t e r  b r o t h  0.08 m l /m in / l  l i t e r  was observed 
f o r  the  room a i r  supply. 
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Fig.5. Continuous measurement o f  gas exchange i n  the  h a m s t e r  and S p i r u l i n a  
system.The i n l e t  and o u t l e t  gas  concentrat ions o f  hamster chamber and t h e  
gas exchanges of S p i r u l i n a  system were s imul taneously  measured. 
C o n s i d e r a b l e  improvement o f  0, genera t i on  was observed by supp ly ing  e x p i r e d  COS i ns tead  o f  
room a i r .  0, genera t i on  i s .  t o  some extent ,  c o n t r o l l e d  by t h e  r a t e  o f  s u p p l y e d  CO,. When 
l i g h t s  were complete ly  tu rned  o f f ,  0. ou tpu t  complet ly  ceased i n  90 min. T h i s  l a g  t i m e  may 
be e q u i v a l e n t  t o  the washout t ime o f  t h e  S p i r u l i n a  c u l t i v a t o r  i t s e l f .  Concerning t h e  mass 
s p e c t r o m e t r i c  measurement,  t h e  m u l t i - g a s  s a m p l i n g  sys tem and t h e  automat ic  c a l i b r a t i o n  
proved t o  be u s e f u l  f o r  l ong  te rm p r e c i s e  gas mon i to r i ng  i n  CELSS. However, t h i s  method i s  
p o s s i b l e  t o  be employed f o r  t h e  o r d i n a r y  c a p p i l l a r y  sampl ing probe, and a cons ide rab le  
sampl ing r a t e  i s  needed ( a t  l e a s t  lOml/min) i n  the  complete ly  c losed  sma l l  s i z e  s i m u l a t i o n  
system, t h e  membrane p r o b e  may be more u s e f u l  because o f  i t s  n e g l e q i b l e  smal l  sampl ing 
ra te .  F u r t h e r  t e c h n i c a l  improvement, however, i s  needed t o  make i t  p r a c t i c a l  . 
The c o n s i d e r a t i o n s  m e n t i o n e d  w i l l  h e l p  us t o  improve  t h e  d e s i g n  and c o n t r o l  o f  t h e  
hams te r -sp i ru l i na  system. 
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